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Abstract : A detailed study of the physical, absorption and fluorescence properties 
of six Er3* doped fluoroborate glasses at 300 K and 77 K has been carried out. From the 
experimental values of the oscillator strengths the Judd-Ofelt intensity parameters have been 
obtained. The transition probabilities, radiative branching ratios and the stimulated emission 
cross section for the different transitions have also been calculated using these parameters. 
From these studies it is concluded that the presence of A1 in fluoroborate galss show better 
optical characteristics. The transition *Sm  *l \sn  show largest stimulated cross section 
and fluorescence yield.
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1. Introduction
There are a number of characteristics which distinguish glass from other solid laser host 
materials. Their isotropic character, possibility of even heavy doping with excellent 
uniformity and the strong sharp fluorescence lines observed in rare earth doped glasses 
make them host materials of choice for optically pumped laser devices.
Over the past few years, a great deal of work has been done by us in the 
development and characterisation of rare earth doped calibo, silicate and fluorophosphate 
glasses to understand their fluorescence behaviour [1—3]. Recently another type of glass 
material which contains borate at the place of phosphate has been developed and the 
emission and absorption characteristics of several rare earth doped ions have been studied. 
It has been marked that the fluoroborate glass is very similar to fluorophosphate in 
properties and is more stable over a wide compositional range and may be useful for 
different purposes. In the present paper we have studied the physical, optical emission and 
absorption characteristics of Ei3* doped fluoroborate glass. We have selected Ei3* for our
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study since Er3* is well known lasing material and lases at 1.54 pm when it is doped in 
glass and at 2.8, 1.6 and 0.85 pm respectively when doped in crystalline solid [4]. Our basic 
idea is to see the emission and absorption characteristics of Er3* in new fluoroborate lattice 
and compare it with fluorophosphate lattice.
2. Preparation of the glass
Six Er3* doped fluoroborate glasses with alkali (Na, Li) and A) fluoride in separate and in 
mixed forms were prepared with compositions (mole %) 2ErF3 + 7 8 H3BO3 + 1 0 Na2CO3 + 
10RF where RF * NaF, LiF, A1F3, NaF + A1F3, LiF + A!F3 and NaF + LiF. The 
nomenclature (BNa glass, BNaAl glass etc.) describes the presence of single and coupled 
forms of alkali with A1 in the ternary systems studied. H3B 03, N a^O ^ LiF and A1F3 were 
of BDH make with 99% purity. ErF3 was obtained from Aldrich company with a stated 
purity of 99.9%. Each chemical batch is homogeneously mixed up by powdering well in an 
agate mortar before melting them at temperature between 900-1000°C in a platinum 
crucible in an electric furnace. The melts were quenched in between two smooth slurfaced 
and polished plates (one of which acts as a cast) to obtain smooth, flat surfaces on tne glass 
synthesized. The glasses thus obtained are in the form of circular discs having a uniform 
thickness of 0.32 cm. The glasses are preserved in containers filled up with liquid par^phin 
to avoid possible damage.
2.7. Experimental measurements:
The density of the glasses have been measured by the application of Archimede's principle 
using xylene as the immersion liquid and is found in the range of 2.5 ± 0.2 (gm/cm3) in 
different cases. The refractive indices of these glasses have been determined at A = 589.3 
nm using an Abbe reffactometer with monobromonaphthalene as the contact layer between 
the sample and the prism of the refractometer. For all the glasses the refractive index (n) 
values are very similar -  1.48 ± 0.01.
The absorption spectra (800-200 nm) of fluoroborate glasses were measured using a 
Cary (model) 2390 UV-VIS-NIR spectrophotometer. For fluorescence measurement we 
have used the different lines of an Ar+ laser as excitation lines. It is noted that though the 
fluorescence appears for all Ar+ lines, the fluorescence yield is maximum for 457.9 nm. A 
20 mW output power of 457.9 nm was used to excite the fluorescence. The dispersed 
fluorescence were recorded using a 0.5 m Spex monochromator coupled to a double pen 
X-Y chart recorder. The atomic lines from a Fe-Ne hollow cathode lamp superposed on 
fluorescence was used for wavelength calibration. The fluorescence spectra were recorded 
both at room temperature and at liquid N2 temperature. For recording the spectra at 77 K, a 
double-wall cell of glass was fabricated. The glass was suspended in the inner cavity of the 
cell with the help of a rod and screw arrangement so that its flat surface is perpendicular to 
the laser beam. The rod dipped in the liquid N2 served as finger tip.
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3. Results and discussion
3.1. Absorption spectrum and Judd-Ofelt parameters ofErJ+ :
The absorption spectrum of Er3* doped BA1 fluoroborate glass in the UV visible NIR region 
(800-200 nm) at room temperature is shown in Figure 1. Spectrum very much similar to 
this, have been observed in the case of other glasses. All these spectra show ten descrete 
lines in the above wavelength region due to transitions between energy levels associated 
with the Af shell. The intensity of the individual lines however vary from one spectrum to 
the other. These transitions though normally dipole forbidden become allowed in the glassy
Figure 1. UV-visible absorption spectrum of Er3+-doped BA1 glass
host due to vibronic interaction or through admixture of odd electronic wave functions. The 
lines could be easily assigned on the basis of the analysis of the absorption of Er3+ in other 
glass hosts. The line wavenumbers and the assignments for the different glass hosts are 
given in Table 1. From the absorption spectrum it is clear that 4Gu/2 <- Al\$n transition and 
2H\ 1/2 <— 4/ | 5/2 transition appear with the largest intensity in all cases. The transition ending 
on the AG\ m  level is hypersensitive to the host constitution and is of maximum intensity in 
the BA1 type glass. The intensity of this transition in the other combinations follows the 
trend BA1 > BNaAl > BLiAl > BLi > BLiAl > BNaLi. A similar intensity pattern is 
followed by the 2H\\n  ^ 15/2* ^^15/2 4— ^ 15/2 etc. transitions also. The intensity of the
spectral lines are smaller in the glasses containing Li. The transition 2Gff2 % 5/2 appears
only with very weak intensity and is almost missing in the glass containing both Na and Al. 
The 279/2 <— 4/ |5/2 transition appears with a large spectral width in all the glasses whereas the 
2F9/2 <— 4/ i5/2 transition is specially broad in glasses containing Li.
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A comparison of intensity of the fluorescence lines in Er3* doped fluoroborate glass 
with the corresponding lines in Er3* doped fluoro and chlorophosphate glasses gives 
interesting results. Thus while in fluorophosphate glasses the 4I9f2«- *I\sn transition is more 
intense and broadened than the 4F9/2 <— 4/ is/2 transition, the reverse holds true in the case of 
fluoroborate glasses. The lines have similar intensity for Er3+ in fluoroborate and in 
chlorophosphate glasses. The Judd-Ofclt [5,6] intensity parameters Qx (where X = 2, 4 and 
6) are sensitive to the host due to their dependence on the site symmetry, radial integral and 
the energy difference between the 4 / levels and the close-lying, perturbing configurations. 
Therefore it was thought worthwhile to calculate the intensity parameters Qx for Er3+ doped 
fluoroborate glasses from the experimentally measured electric dipole oscillator strength 
given by the Reisfeld [7] formula as
P = 4.318 x 10-9 J<7(v)dv (1)
and the calculated matrix elements (see Carnall ex al [81) between the various levels of the 
rare earth ion (Er3+). The intensity parameters thus obtained are tabulated in Tabl^ 2. It is 
found that the Judd-Ofelt parameter Qx is maximum for the Al (only) containing borate 
glass as compared to the other five fluoroborate lattices. Even with Al, it is smaller 
compared to the value in fluorophosphate but larger compared to chlorophosphate glasses 
Its value is very much similar to heavy metal fluoride glasses, Qx parameters follow the 
trend Q 2 > Q 4 > Q^ which is identical to other glasses. The measured and calculated 
oscillator strength for different transitions from Al\si7 in the six fluoroborate glasses are 
given in Table I.
3.2. Fluorescence spectrum o f ErJ+ doped fluoroborate glass : *
The fluorescence spectrum of B Al glass out of six Er3+ doped .fluoroborate glasses at room 
temperature and at liquid Nj temperature is shown in Figure 2. The spectrum in the spectral
Figure 2. Fluorescence spectrum of Er+-doped BAl glass.
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region 790-510 nm shows five lines. The fluorescence intensity is larger at liquid N2 
temperature. The fluorescence peak at 550 nm ascribed to 4SM -» 4/1V2 transition is much 
stronger compareed to the other fluorescence peaks. % a level is known to be the upper 
level of the lasing transition in Er3*. The % a -» *ll5n peak shows two components (a and 
b) of nearly equal intensity in all the borate hosts except in the glasses containing A1 and 
Na along with B where the components with lower frequency has larger intensity. The 
other lines observed are ascribed to 2Hu n  -> *Il5a (533.5 nm), % n -» % 5n (638.6 nm), 
% n  -* 4/im  (693.0 nm) and2Him  -> % n  (768.8 nm).
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4. Radiative properties of Er* doped fluoroborate gl«w«
We have also calculated the transition probability, total transition probability and branching 
ratio for the different excited levels of Er3+ involved in the fluorescence lines. The Judd- 
Ofelt parameters along with the reduced matrix element ||l/A| previously reported by 
Camall et al [9] have been utilized to calculate these parameters. The transition probability 
for a transition j  —> j '  is given as
A ( jJ ')  = 6 4 ^ V v 3/3A(2; + l) [n(n2 + 2)2/9] x Sed (2)
where;'and j  are the J values of the ground and excited levels, vis the transition frequency 
(env1) and other factors have their usual meanings. The total transition probability AT( j J ') 
is given I fA ( jJ ')  i.e. the sum of the probabilities for all possible transitions starting from 
(hat level. The inverse of the total transition probability term gives us the radiative lifetime 
of that level. The branching ratio
A[(S9L J ) \  ( S \L \J ']  
X A [(s,L ,jy , (s \ i \ r \
S 'X J’
(3)
where the sum is overall the terms in the manifolds. In Table 3 we have given the transition 
probability 04), total transition probability 04r) and the branching ratio (/}%) of the 
observed emission states for all the glasses studied. Figure 3 depicts the branching ratio 
values for observed fluorescence transitions of Er3+ in fluoroborate glasses. Following the 
method of Weber et al [10], the stimulated emission cross section erf which controls the 
lasing efficiency of a particular energy level in a glass host is given by
o f  {AX) = A {S,L ,J -+ S \L \J ') l% n 2cn2v \  (4)
The stimulated emission cross section for the five transitions seen in the six fluoroborate 
glasses are tabulated in Table 4. From this Table it is clear that the emission cross section is 
maximum for the *Sy2 transition in the BA1 glass. In order to maximise the value of
cross section we have to adjust C2x a°d the two terms which are glass composition 
dependent. To get maximum intensity, it is also essential to maximise the branching rado 
for the particular transition. The fluorescence branching ratios are independent of Qi dnd
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can be expressed in terms of the ratio G JQ , since f l4 and exhibit similar dependences 
on composition. It is seen that the variation in the values of fi% with compositional changes 
are small [11,12],
Table 4. Fluorescence lines wevelength (A), half width at full maximum (AA) and stimulated 
emission cross section ( o f  x 1020) values of Ar+ laser (457.9 nm) excited Er3* doped 
fluoroborate glasses.
Transition BNa BLi BAI BNaAl BUAI BNaAl
glass glass glass glass glass glass
2/V,,/2->4/|5/2 A (nm) .533.5 534.1 533.0 534.0 534.0 532 5
AX  (nm) 8 9 8.5 7 6 7
<rf x 1020 cm2 2.34 1.75 2.26 2.36 2.53 2.10
4-S*“13/2 -* 4/U/2 A(nm) 545.3 546.4 545.2 546.0 546.0 544.9
AA(nm) 21 20 21 20 19 20
o f i  x I020 cm2 20.97 20.16 30.37 21.10 20.45 19.66
-* 4/ l5/2 A (nm) 552.8 553.9 553.0 553.0 554.0 554.0
AX  (nm) 18.4 18 18 19 16 1 17
<7$ x 1020 cin2 25 52 23.36 37.75 25.32 25.67 24 07
4F9/2 -» 4/15/2 A (nm) 638 6 638.6 638.4 638.0 638,2 t 639.1
AA(nm) 57 5 58 56 56 58 56
<j^  x I0 20 cm2 2.13 1.83 2 80 2 0 0 2.15 1.93
% 2 - ^ 'i . v : A (nm) 6 93.3 694.4 693.9 693.5 694.5 694.0
AX (nm) 21 21 20 22 21 20
x I020 cm2 3 38 2.87 4 28 2.91 3 69 3.37
2wI1/2_>4/ I3/2 A (nm) 768.8 769 8 769.0 769 1 768 1 768 0
AA(nm) 6 6.5 8 7 7 8
<jp x  I020 cm2 3.108 3.09 4 525 3 01 241 3.12
I M I  «*Mi BLMI gtaai
•LL
•mupiM
it t
ti.s
it
m
Figure 3. Energy level diagrams for fluorescence transitions of Er3+ in fluoroborate glasses,. The 
numerical values correspond to branching ratio (0% ) and bold line indicates the maximum value 
of 0% .
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In summary, based on different physical, absorption and fluorescence properties of a 
new family of fluoroborate glasses, it is seen that presence of Al in the fluoroborate glass 
composition makes this glass to have a superior optical characteristics. It shows larger 
stimulated emission cross section, fluorescence yield for AS m  4/15/2 transition, a 
transition corresponding to which lasing has already been reported. Our results also confirm 
the suitability of the Judd-Ofelt theory for characterizing the optical properties of such 
glasses.
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